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QJKDUGZDUHWKH
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IURPWKHILOPVHQVRUZLWKDUHVROXWLRQEHWWHUW
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UXPDQDO\VLVDUHGLVFXVVHG
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HGDVGDWD SUHVHQWDWLRQ HOHPHQW §
VLPSOH DQG HIILFLHQW ORDGFHOO LV
IDEULFDWHGZKLFKKROGVWKH39")ILOPVHQVRUW
RVHQVHORZ
PHFKDQLFDOLPSDFWV,PSDFWHQHUJ\RIWKHRUGH
URI-RU
IRUFHRIWKHRUGHURIP1LVGHWHFWHGUHOLDEO\
7KH PHFKDQLFDO LPSDFW HQHUJ\ LV FRQYHUWHG
E\ WKH 39")
SLH]RHOHFWULFILOPLQWRHOHFWULFDOVLJQDO
7KLVHOHFWULFDOVLJQDOLV
FDSWXUHGZLWKDUHVROXWLRQEHWWHUWKDQP
97KHYDULRXV FKDUDFWHULVWLFV VXFK DV
OLQHDULW\ VHQVLWLYLW\ UHSHDWDELOLW\
K\VWHUHVLVHWFDUHVWXGLHGDQGSUHVHQWH
GLQGHWDLO)LQDOO\DQ
LQWHJUDWHGV\VWHPIRUPHDVXULQJORZXQNQR
ZQPHFKDQLFDO

LPSDFWLVGHPRQVWUDWHG
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A.Mechanical Impact Creator

&RPPRQO\DQLQGHSHQGHQWH[SHULPHQWLVFR
QGXFWHGWR
FDOLEUDWHDPHDVXULQJLQVWUXPHQW,QRUGHU
WRFDOLEUDWHRUWR
HVWLPDWHWKHVHQVLWLYLW\ZHKDYHFUHDWH
GDV\VWHPWRJHQHUDWH
VPDOOUHSHWLWLYHPHFKDQLFDOLPSDFWV$VPDO
OSLHFHRIVWHHOEDOO
PDVVPJPHDVXUHGE\DSUHFLVLRQZHLJKLQJPDFKL
QH
0RGHO%6$6&:0DQXIDFWXUHU6DUWRUMXVLVFRQ
VLGHUHG
WRIDOOIUHHO\XQGHUJUDYLW\WRDEHDNHUPDG
HRIJODVV$Q
HOHFWURPDJQHWLVXVHGWRUHOHDVHWKHVWH
HOEDOOIURPGLITHUHQW
KHLJKWV7KHEHDNHULVSODFHGRQWKHVHQVRUI
LIWXUH6HFWLRQ,,
%IRUGHWDLOV7KHLPSDFWHQHUJ\EinpFDQEHFDO
FXODWHGDV

Eimp mgh

ZKHUHpgJLVWKHDFFHOHUDWLRQGXHWRJUDYLW
\)XUWKHUGLVFXVVLRQ
RQWKHLPSDFWIRUFHHVWLPDWLRQLVSUHVHQW
HGLQ6HFWLRQ,,,'

B.The Sensor and Loadcell
,QWKLVZRUNZHKDYHXVHG39")SLH]RILOPVHQVRUG6
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DUHWLJKWHQHGLQVXFKDZD\WKDWWKHGLUHFW
FRQWDFWEHWZHHQWKH
SODWHVLVDYRLGHG7KXVDVLPSOHDQGORZFRVWI

L[WXUHLV FRQVLGHUHGIRURXUV\VWHP
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)LJ)DEULFDWHGORDGFHOO3LH]RILOPVHQVRUVDQGZLF
KHGEHWZHHQWZR
3&%SODWHV$FHQWLPHWUHVFDOHLVSURYLGHGWRVKR
ZWKHGLPHQVLRQVRI

WKHGHVLJQHGORDGFHOO

7KHUHDVRQVEHKLQGWKHFKRVHQPDWHULDOD
QGGHVLJQIRU
ORDGFHOODUHDVIROORZVL:HKDYHXVHGFRVWHI
IHFWLYHPDWHULDO
WRGHVLJQWKHORDGFHOOLL7KHVXUIDFHVRIWK
H3&%SODWHVDUH
IDFWRXUORDGFHOOFDQEHXVHGIRUYDULHW\RID
SSOLFDWLRQVZLWK
PLQLPXPPRGLILFDWLRQLY'XHWRWKHVDQGZLFKV
WUXFWXUHRI
RXUORDGFHOOWKH39")ILOPVHQVRUUHPDLQVSUR
WHFWHGIURPWKH
H[WHUQDOKD]DUGVY,QDGGLWLRQWRWKHDERYH
DGYDQWDJHV
DQRWKHUDGYDQWDJHRIRXUORDGFHOOLVWKDW
LWLVHDV\WRDVVHPEOH
1IRWHWKDWWKHILOPVHQVRUFDQHDVLO\EHUHSO
DFHGE\RWKHURQH
ZKHQHYHUUHTXLUHGDQGVXFKUHSODFHPHQWLV
QRWSRVVLEOHIRU
YDULRXVW\SHVRIUHSRUWHGORDGFHOOVHPSOR\
HGLQVLPLODUVWXGLHV

C.The Electronic System

7KHHOHFWURQLFFLUFXLWU\LVVKRZQLQ)LJ39")
SLH]RILOP
LVDQDFWLYHVHQVRUDQGLWLVFRQQHFWHGWRu3
LH]R)LOP/DE

Journal of Computer Engineering | https://doi.org/10.5281/zenodo0.19343309

Page 59



JCE

Theoretical Frameworks for Understanding the Interplay...

$PSOLILHUYPDQXIDFWXUHGE\PHDVXUHPHQW63(
&,$/7,(67°
86$7KHYDULRXVSDUDPHWHUVVHWWLQJRIWKHD
PSOLILHULVVKRZQ
LQ)LJ)RUEHWWHUSHUIRUPDQFHRIWKHVHQVRUX
VHGLQWKLVZRUN
WKHLQSXWLPSHGDQFHLVNHSWDW*37KHDPSOLIL
HURSHUDWHGLQ

uYROWDJHPRGHYIVLQFHWKHZLUHOHQJWKIURPVH

QVRUWRDPSOLILHU
LVOHVVWKDQDPHWHU6LQFHZHGRQRWQHHGWRI
LOWHUWKHVHQVRU
VLIQDOWKHORZHUDQGXSSHUFXWRIITUHTXHQF\
RIWKHILOWHUDUH
NHSWDW+]DQGN+]UHVSHFWLYHO\ZLWKRXWDQ\
SUHILOWHULQJ
JDLQ$SRVWILOWHULQJJDLQRIG%LVDSSOLHGWR
WKHVLJQDO
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)JLJID3LH]RILOPODEDPSOLILHUE&LUFXLWGLDJUDPVFKH
PDWLFIRU
RXUV\VWHP

,QSURJUDPPLQJWKH$UGXLQRERDUGWKHUHVR
OXWLRQRIWKH
$'&«DWWKHLQSXWLVHQKDQFHGIURP9GHIDXOWW
R
9E\XVLQJWKHEXLOWLQIXQFWLRQUDQDORJ5HIHU
HQFH
,17(51$/)LQDOO\WKHRXWSXWUHVXOWLVWDNHQ
LQPLOOLYROWV
IRUGLVSOD\7KHV\VWHPLVWKHQXVHGWRREWDLQ
RXWSXWYROWDJHIRU
FRQWUROOHGLPSDFWV$IWHUFDOLEUDWLQJWKH
V\VWHPSURJUDPLV

PDGHWRGLVSOD\LPSDFWHQHUJ\RUIRUFHFDXVH
GE\DQ\XQNQRZQ
LPSDFWHYHQW

)LJ7KHVHWXSRIWKHV\VWHP

2 5(68/7

A.Sensitivity Estimation with Respect to Impact
Energy

7KHLPSDFWRIWKHVWHHOEDOOLVPHDVXUHGE\
RXUV\VWHP
VWDUWLQJZLWKDQHPSW\EHDNHU7KHLPSDFWHQ
HUJ\RIWKHVWHHO
EDOOLVYDULHGE\YDU\LQJWKHIDOOLQJKHLJKWV
RIWKHEDOO7KH
LPSDFWHYHQWIRUWKHEDOORIIDOOLQJKHLJKWD
VORZDVFPLV
GHWHFWHGUHOLDEO\7KHV\VWHPRXWSXWUHVS
RQVHVIRUGLITHUHQW
LPSDFWHQHUJ\DUHVKRZQLQ7DEOH,7KHOLQHDUL
W\RILPSDFW
HQHUJ\WHVWLVVKRZQLQ)LJ:KHQWKHIDOOLQJKH
LIJKWLV
LQFUHDVHGWRPRUHWKDQFPWKHRXWSXWUHVSR

QVHEHFRPHVQRQ
OLQHDU7KHUHIRUHIDOOLQJKHLJKWVRIFPFRUUH
VSRQGLQJWR LPSDFWHQHUJ\RI +-

SURGXFHVOLQHDUUHVSRQVHLV
FRQVLGHUHGDQGSUHVHQWHG
B.Hysteresis

,QRUGHUWRPHDVXUHWKHK\VWHUHVLVHUURU
RIRXUV\VWHPWKH
VWHHOEDOOLVGLVSHQVHGXVLQJWKHHOHFWUR
PDJQHWLVFRQVLGHUHG
7KHLPSDFWVFUHDWHGE\WKHVWHHOEDOOLQWK
HEHDNHUDUHVHQVHG
E\RXUVHQVRU7KHUDQJHRILPSDFWHQHUJ\RIWKH
VWHHOEDOOLV
FRQVLGHUHGWREHVDPHDVLQVHQVLWLYLW\WHV
W7KHK\VWHUHVLVFXUYH
RIWKHV\VWHPLVVKRZQLQWKH)LJ
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7KHK\VWHUHVLVHUURULVXVXDOO\H[SUHVVHGL
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PD[LPXPK\VWHUHVLVHUURUDVSHUFHQWDJHRIIX
OOVFDOHRXWSXW UDQJHFSOR
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HysteresiSerror u FSOR

ZKHUHH.PD[
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)LJ7KHXSVFDOHDQGGRZQVFDOHUHDGLQJIURPZKLFKK\
VWHUHVLV
DQDO\VLVRIRXUV\VWHPLVSHUIRUPHG5HFWDQJXODUV
\PEROEODFNDQG
VROLGFLUFOHV\PEROUHGVKRZWKHXSVFDOHDQGGRZQ
VFDOHUHDGLQJ UHVSHFWLYHO\
C.Repeatability
7KHUHSHDWDELOLW\LVWKHGHJUHHRIFORVHQ
HVVZLWKZKLFKD PHDVXUDEOH TXDQWLW\ PD\ EH
UHSHDWHGO\ PHDVXUHG
O0DWKHPDWLFDOO\LWLVGHILQHGDVWKHPHDVXU
HRIYDULDWLRQLQWKH
PHDVXUHGGDWDNQRZQDVWKHVWDQGDUGGHYLD
WLRQL,WLV H[SUHVVHG LQWHUPV RI PD[LPXP
UHSHDWDELOLW\ HUURU DV D
SHUFHQWDJHRIFSOR

Re Vu
FSOR

:HKDYHWHVWHGUHSHDWDELOLW\DW-
VHOHFWHGDUELWUDULO\
LQWKHFSORIRURXUV\VWHPDQGLWLVIRXQGWREH
RQO\
OHVVWKDQVLJQLI\LQJDJRRGUHSHDWDEOHPHDV
XUHPHQW
V\VWHP,QWKHHVWLPDWLRQRIUHSHDWDELOLW\
HUURUWKHVWDQGDUG
GHYLDWLRQIRURXUV\VWHPLVIRXQGWREH
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D.Estimation of Impact Force FRQVWDQWLQ+HQFHDQRQOLQHDURXWSXWUHVS
,QPHDVXULQJLPSDFWHQHUJ\ZHKDYHREWDLQH RQVHLVH[SHFWHG
GJRRGV\VWHP IRULPSDFWIRUFH+RZHYHUZLWKLQLQDOLPLWHG
FKDUDFWHULVWLFVZKLFKLQWXUQPRWLYDWHXV UDQJHRIIDOOLQJ
WRHPSOR\WKHV\VWHP KHLJKWVRI+FPFRUUHVSRQGLQJWRLPSDFWIRUFH
IRUPHDVXULQJLPSDFWIRUFH7KHLPSDFWIRUFHLV UDQJHRI
HVWLPDWHG +P1ZHKDYHREWDLQHGKLJKO\OLQHDUUHVSRQVH

300

- dp 4 € Data point
250 4 Linear fit 4

Fimp dt ]

gzoo-
,QRUGHUWRHVWLPDWHULVHWLPHIRUDQLPSDF ; -
WHYHQWWKHRXWSXW 3
RIWKHVHQVRULVDPSOLILHGWRG%DQGWKHQWK E 1004
HVLJQDOLV z
REVHUYHGWKURXJKDGLJLWDOVWRUDJHRVFLOO 50 R= 0.9736
RVFRSH7\SLFDODQDORJ 1
RXWSXWZDYHIRUPIRUDQLPSDFWHYHQWLVVKRZQ T T TR AL T T TR T

LQ)LJ VKRZLQJLPSDFWULVHWLPHRIV o Bl
LPSDFWIRUFHLVHVWLPDWHGXVLQJWKHH[SUHVV )1 ;6\ yWHPUHVSRQVHVLQPOIRUGLITHUHQWLPSDFWIRU
LRQ FHVLQP1

ZRUNLQIRQYHU\ORZLPSDFWHQHUJUHILPHWKHEDOOKDUGO\  —
UHERXQGV7KXVLQRUGHUWRVLPSOLI\WKHSURFHGXUHZHKBYHNY &1 Zw |
FRQVLGHUHWRIHWKHUZLWKULVHWLPHRIWKHDQDOR) 4t n Vg dt
RXWSXWIURP39)ILOPVHQVRUGXULQJDQLPSDFWHYHQW>@>@

w K 18k pts 58kSa/s

Save Image |
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596ns 272mV File Format
A 28Bus A 248V Bmp
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@ hAnp de Ch Dff File Utilities
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Image Waveform ‘ Setup Waveform Setup File Label

)LIZ\SLFDODQDORJZDYHIRUPIRUDQLPSDFWHYHQW+HUHWKHVWHHOEDOOIDOOLQJKHLIKWLVFPDQGWKHVLIQDODPSOLILFDWLRQ
\%

PHDVXUHPHQWWKHVLJQDOULVHWLPHLVIRXQGWREHV

7KHUHVXOWRIWKHLPSDFWIRUFHHVWLPDWLRQLVVKRZQLQ)LJ
SURSRUWLRQDOWRWKHIDOOLQJKHLIKWDVSHUWKHLPSDFWIRUFH ,WLVWREHQRWHGKHUHWKDWWKRXJKWKHLPS!
LVSURSRUWLRQDOWRVTXDUHURRWRIWKHIDOOLQJKHLIKWVLQFHdLV
DUHSORWWHGKHUH$OLQHDUILWWRWKHGDWDSRLQW
VVKRZVWKHVHQVLWLYLW\RI
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WKHV\VWHP7KHUHJUHVVLRQFRHIILFLHQW5
VKRZVDJRRG
VLJQDWXUHRIOLQHDULW\ZLWKLQWKHVSHFLILHGOLP
Lw

E.System Integration

7KHV\VWHPLVLQWHJUDWHGWRPHDVXUHXQNQ
RZQLPSDFWHQHUJ\
RUIRUFHZLWKLQDVSHFLILHGUDQJHLQGHSHQGH
QWRID3&RU
VLPSOLFLW\LQWKHLQWHJUDWLRQWKHUDQJHZL
WKLQZKLFKERWK
LPSDFWHQHUJ\DQGIRUFHDUHOLQHDULVFRQVLG
HUHG)URPWKH
OLQHDUUHODWLRQVKLSEHWZHHQWKHRXWSXW
YROWDJHIURP$UGXLQR
DQGLPSDFWHQHUJ\REWDLQHGHDUOLHUDVVKRZ
QLQ)LJZH
H[SUHVVXQNQRZQLPSDFWHQHUJ\DV

Ei?ll]?u Vaut PJ

LQZKLFKWKHRXWSXWYROWDJH Vo LVLQP97KHFR
UUHVSRQGLQJ
LPSDFWIRUFHFDQEHH[SUHVVHGDV

Elnpu Eimpu mN

7KHODVWWZRH[SUHVVLRQVDUHYDOLGZLWKLQ

WKHUDQJHRI+
-RU+P1:KHQDQXQNQRZQLPSDFWHYHQW
FDXVHVWKH Vo, WREHLQWKHUDQJHRI+PQWKHQW
KH/&' GLVSOD\VWKHYDOXHRILPSDFWHQHUJ\LQ-
DQGFRUUHVSRQGLQJ
LPSDFWIRUFHLQP17RSRZHUXSWKHV\VWHPD9EDW
WHU\LV
XVHG7KXVDVHOIFRQWDLQHGFRPSDFWDQGPLQLD
WXUHLPSDFW
PHDVXUHPHQWV\VWHPLVGHYHORSHG$SODVWLF
EDOOPDVV
PJGHQVLW\JFPLVUHOHDVHGIURPDKHLJKWRIFP
DQGWKHFRUUHVSRQGLQJPHDVXUHPHQWVDUHIR
XQGWRDJUHHZHOO
ZLWKRXUH[SHULPHQW

,9 ',6&866,21

:HKDYHQRWLFHGWKDWWKHGHJUHHRIWLJKWQ
HVVRIWKHEROWYVRI
WKHORDGFHOODIITHFWWKHQRLVHDQGVHQVLWLY
LW\GULIW+HUHQRLVH
PHDQVWKHVLJQDOPDJQLWXGHLQWKHDEVHQFHR
IWKHLPSDFWHYHQWV

:KHQDOOWKHIRXUFRUQHUVRIWKHORDGFHOODU
HKLJKO\WLJKWHQERWK
WKHQRLVHDQGVHQVLWLYLW\GULIWEHFRPHV]H
UR)XUWKHULWLV
QRWLFHGWKDWWKHQRLVHRIWKHRXWSXWVLJQD
OEHFRPHV]HURLIWKH
SLH]RDPSOLILHULVXVHG7KHUHDUHPDLQO\WZRI
DFWRUVWKDWOLPLW  WKH  PHDVXUHPHQW
UDQJH 7KH ILUVW IDFWRU DULVHV IURP WKH
FRQVLGHUDWLRQRIOLQHDUUHODWLRQVKLSEHW
ZHHQWKHRXWSXWYROWDJH
GXHWRLPSDFWHYHQWZLWKWKHLPSDFWHQHUJ\
RUZLWKWKHLPSDFW
IRUFHDQGVXFKUHODWLRQVKLSVDUHYDOLGIRUD
OLPLWHGUDQJH7KH
VHFRQGIDFWRULVWKHWHQGHQF\WRUHERXQGRI
WKHIDOOLQJEDOOZKHQ
WKHIDLOLQJKHLJKWLVPRUHWKDQFP7KLVIDFWR
UFRPSOLFDWHVWKH
PHDVXULQJSURFHVVDQGWKXVOLPLWVWKHKLJK
HVWUDQJHRILPSDFW HQHUJ\GHWHFWLRQ
&KDQJHLQVHQVLWLYLW\LVREVHUYHGIRUVRIW
HUPDWHULDOVHJ
LPSDFWFUHDWHGE\IDOOLQJOLTXLGGURSOHWVRI
PDVVPJIURPD
EXUHWWH:KHQIUHHIDOORIZDWHUGURSOHWVRI
PDVVPJIURP
DEXUHWWHLVFRQVLGHUHGWRFUHDWHLPSDFWH
YHQWVWKHVHQVLWLYLW\LV
IRXQGORZHUDVFRPSDUHWRWKDWRIREWDLQHGX
VLQJVWHHOEDOO,Q
FDVHRIZDWHUGURSOHWREWDLQLQJORZHUVHQV
LWLYLW\LVTXLWH
REYLRXVVLQFHWKHGURSOHWFKDQJHVLWVVKDS
HDQGLPSDUWVORZHU
LPSDFWIRUFH2QWKHRWKHUKDQGWKHVLJQDOUL
VHWLPHIRUZDWHU
GURSOHWLVIRXQGEHPVZKLFKLVRQHRUGHURIPDJ
QLWXGHKLJKHU
LQFRPSDULVRQWRWKDWRIVWHHOEDOOaV6LQFH
WKHLPSDFW
IRUFHLVLQYHUVHO\SURSRUWLRQDOWRWKHVLJQ
DOULVHWLPHRXU
V\VWHPLVFDSDEOHRIGHWHFWLQJORZHULPSDFW
IRUFHWKDQWKHUDQJH
FRQVLGHUHGLQRXULQYHVWLJDWLRQ,QIDFWLQF
DVHRIZDWHU
GURSOHWVZHKDYHUHOLDEO\GHWHFWHGLPSDF
WIRUFHDVORZDV
P17KXVWKHUHPXVWEHDWUDGHRIIEHWZHHQWK
HVHQVLWLYLW\DQG
ORZHVWUDQJHRILPSDFWHQHUJ\WREHGHWHFW
HG+HQFHWKHLPSDFW
EHWZHHQWKHPDWHULDOVRILQWHUHVWLVWRE
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(OHFWURQLF6FLHQFHIURP-
DGDYSXUSQLYHUVLW\:HVW%HQJDO.RONDWD,QGLDLQ
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,QILQHRQ7HFKQRORJLHVLQKLVFDUHHU+HHDUQHG3K'TURP
6FKRRORI(OHFWULFDO
DQG(OHFWURQLF(QJLQHHULQJ1DQ\DQJ7HFKQRORJLFDOSQ
LYHUVLW\6LQJDSRUHLQ -
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SDUWPHQWIRUDFDGHPLF
H[FHOOHQFH
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